A core-class 2 tetrasaccharide-linked serine was synthesized in a convergent manner. The coupling reaction of disaccharide glycosyl donor 3 and acceptor 4 stereoselectively aŠorded tetrasaccharide 15, which was converted to glycosyl ‰uoride 20. Glycosylation of Fmoc serine allyl ester 5 with 20 produced a-and bglycosides in 40% and 33% yields, respectively. aIsomer 21 was converted into 1, a useful building block for the solid-phase synthesis of glycopeptides. On the other hand, 21 was N-deprotected and condensed with hydrophobic cholestanol through a succinyl spacer. The same compound was alternatively synthesized by coupling 20 and 28. Functional group manipulation and hydrogenation aŠorded core 2 tetrasaccharidecholestanol conjugate 2.
It has been shown that the N-and O-linked oligosaccharides of glycoprotein play important roles in a variety of biological phenomena such as cell-cell and receptor-ligand interaction, viral infection, and cancer metastasis.
1) The O-linked core 2 structures have been found not only in the common mucins of normal human milk 2) but also in the oligosaccharides derived from T-lymphocytic leukaemia cells. 3) In such biological events as development, diŠerentia-tion, and oncogenesis, the core 2 glycans often appear as the altered glycoform. We are interested in the biological signiˆcance of such oligosaccharides and have studied the syntheses of O-glycopeptides in order to establish e‹cient synthetic routes to homogeneous samples which can be used to obtain more insight into carbohydrated-mediated biological reactions. We have recently reported the syntheses of several Ser W Thr-linked O-glycan derivatives of this class by using stereoselective glycosylation reactions. [4] [5] [6] Other workers have also disclosed a number of synthetic works on the related oligosaccharides. [7] [8] [9] [10] [11] [12] [13] We describe in this report a novel access to core 2 tetrasaccharide-linked serine 1 which is suitably protected as a potent building block for the synthesis of glycopeptides. Conversion of the tetrasaccharide into compound 2 carrying a hydrophobic cholestanyl group, which is used in the immunological assay on the plastic micro plates, is also investigated.
Results and Discussion
On the basis of the benzyl-protection strategy for glycopeptide synthesis conducted in this laboratory, 5, 6, 14, 15) three building blocks, disaccharides 3 and 4, and amino acid derivative 5, were designed to perform convergent synthesis of target molecule 1. To synthesize 2, additional building block 6 was designed. The synthetic plan involves (1) coupling 3 and 4 to give a b-glycoside of high stereoselectivity with the help of the 2-N-phthaloyl group in 3, (2) condensation of 5 with the resulting tetrasaccharide by the glycosyl ‰uoride method, and (3) conjugation with 6 by acylation of the amino group of the serine residue. A conceptually similar approach to a tetrasaccharide-linked serine, employing glycosylation of the N-benzyloxycarbonylserine benzyl ester with an acetyl-protected tetrasaccharide glycosyl donor, has already been reported. 8) The synthesis of lactosamine block 3 commenced by coupling tetra-O-acetyl-a-D-galactopyranosyl bromide 7 and known N-phthaloylated glucosamine derivative 8 16) by using AgOTf, DTBMP and MS 4A in CH2Cl2. The reaction gave disaccharide 9 and a stereoisomeric mixture of orthoesters 10. The latter was readily converted to 9 by treating with TMSOTf. Compound 9 was deacetylated and then benzylated to give 12 in an 82z yield. Desilylation of 12 was followed by reacting resulting hemiacetal 13 with CCl 3 CN in the presence of DBU to furnish trichloroacetimidate 3 in a 94z yield. On the other hand, known disaccharide 14 14) was treated with 80z aq. TFA in CH2Cl2 to exclusively give 4. The coupling reaction of 3 and 4 was promoted by catalytic TMSOTf (0.2 equiv.) in CH 2 Cl 2 at "409 C. The reaction stereoselectively produced desired tetrasaccharide 15 in an 86z yield. The structure of 15 was fully assigned by 1 H-and 13 C-NMR spectroscopy. It is noteworthy that the glycosylation reaction was less stereoselective (b W a＝3 W 1) when the 2-azide sugar had been employed as a precursor of the GlcNAc residue in our previous study. 5, 6) The phthaloyl group was then removed by reacting with ethylenediamine, and liberated amine 16 was acetylated in MeOH to aŠord 17 in a 91z overall yield. The 4-hydroxyl group in the GalN3 residue was protected as a chloroacetate, before the anomeric silyl group was split in the presence of TBAF and AcOH. Resulting hemiacetal 19 was then converted to a mixture of a-and b‰uorides 20 (a W b＝3 W 4) by treating with DAST 17, 18) in THF. The Cp2Zr(ClO4)2-promoted glycosylation 19) of Fmoc serine allyl ester 5 with tetrasaccharyl donor 20 in CH 2 Cl 2 was poorly stereoselective to aŠord 21 and 22 in 40z and 33z yields, respectively, although highly a-selective glycosylation of the serine and threonine derivatives had been achieved with the related disaccharyl glycosyl ‰uoride in the previous studies. 14, 20, 21) Other glycosylation methods or promoters were not tested. Separated a-glycoside 21 was then heated with thiourea in DMF to remove the chloroacetyl group in an 85z yield. Reduction of the azide group of 23 with zinc and AcOH was followed by acetylation to furnish 24. Compound 24 was deallylated with Pd(PPh3)4 and dimedone to produce 1, a useful building block for the synthesis of glycopeptides carrying a core 2 tetrasaccharide.
Using intermediary tetrasaccharide 23, conversion to 2 was next investigated. Removal of the Fmoc group was carried out by treating with 20z piperidine in CH2Cl2 to give 25 in a 91z yield. Resulting amine 25 was coupled with 6, which had been prepared from cholestanol and succinic anhydride, in the presense of EDC・HCl and HOBt. However, the reaction was very sluggish, and desired coupling product 26 was produced in only a small quantity, even at an elevated temperature. We then altered the synthetic route to this compound. Condensation of cholestanyl hemisuccinate 6 with the serine allyl ester led to 28, whose glycosylation with ‰uoride 20 was then attempted. The reaction was smoothly promoted by Sn(OTf)2 but with no stereoselectivity to aŠord a mixture of a-and b-glycosides (a W b＝1 W 1) in a 65z yield. a-Isomer 29 was readily coverted into compound 26 in an 80z yield by selective cleavage of the chloroacetyl group with thiourea. Compound 26 was then treated with zinc and AcOH to reduce the azide group, and subsequent acetylation with Ac2O in MeOH W CH2Cl2 aŠorded 31 in a 55z yield. Finally, the oligosaccharide portion was deprotected by catalytic hydrogenation to secure target compound 2. The structure of the synthesized product was assigned by NMR and MALDI-TOF MS data.
In conclusion, the tetrasaccharide framework of core 2-type glycans was synthesized in a benzylprotected form. The GlcNAc-b-(1ª6)-GalNAc link- age was stereoselectively achieved by 2-N-phthaloylassisted glycosidation of donor disaccharide 3 and acceptor disaccharide 4. The resulting tetrasaccharide was condensed with 5 by the glycosyl ‰uoride method. The glycosylation reaction unexpectedly displayed poor stereoselectivity. The a-glycoside was transformed into 1, a building block suitably protected for glycopeptide synthesis. The tetrasaccharide carrying a hydrophobic cholestanyl attachment was also synthesized by coupling 20 and 28, a lack of stereoselectivity again being observed. These results are of crucial importance in designing a new synthetic strategy to the core-class 2 oligosaccharides required for use in the solid-phase assembly of glycopeptides. An immunological study with deprotected glycosyl cholestanol 2 will be reported elsewhere.
Experimental
Optical rotation values were determined with a Jasco DIP-370 polarimeter for solutions in CHCl3 at 20+29 C, unless noted otherwise. Column chromatography was performed on Silica Gel-60 (E.
Merck 70-230 mesh or 230-400 mesh), and TLC was performed on Silica Gel 60 F254 (E. Merck).
1 H-and 13 C-NMR spectra were recorded with a Jeol AL400 spectrometer ( 1 H at 400 MHz and 13 C at 100 MHz). Chemical shifts are expressed in ppm downˆeld from the signal for internal Me4Si for a solution in CDCl3. TOF mass spectra were recorded with a PerSeptive Voyager-DE PRO spectrometer (a-cyano-4-hydroxycinnamic acid or 2,5-dihydroxybenzoic acid). (9) . A mixture of 7 (0.85 g, 2.0 mmol), 8 (1.0 g, 1.4 mmol), DTBMP (0.83 g, 4.0 mmol), and dried MS 4A powder (2 g) in anhydrous CH2Cl2 (20 ml) was stirred under Ar at room temperature for 30 min, and then at "209 C for 1 h. AgOTf (0.69 g, 2.7 mmol) was added to the mixture, which was stirred for 1 h at "209 C before being quenched with NaHCO 3 and ice. The mixture was stirred for 1 h at room temperature and thenˆltered through Celite. The combinedˆltrate and washings were successively washed with aq. NaHCO3, water and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was chromatographed on silica gel with hexane-EtOAc (2.5:1) to give more mobile orthoesters 10 (0.29 g, 20z) and disaccharide 9 (1.02 g, 70z). Synthesis of 9 from 10. To a stirred mixture of 10 (511 mg, 0.48 mmol) and MS 4A (1.2 g) in anhydrous CH2Cl2 (12 ml) was added TMSOTf (14 ml, 78 mmol) at "109 C. Completion of the reaction after 20 min was ascertained by TLC, and the reaction was quenched by stirring with excess solid NaHCO3. The mixture wasˆltered through Celite and theˆltrate was concentrated in vacuo to give a crude product, which was puriˆed by column chromatography as just described to aŠord 9 (423 mg, 83z). (12) . To a stirred solution of 9 (1.02 g, 0.96 mmol) in anhydrous MeOH (10 ml) was added 0.2 N NaOMe W MeOH (0.96 ml, 0.19 mmol). The mixture was stirred at room temperature for 2 h and then neutralized with Amberlist 15. After the resin had beenˆltered oŠ, the methanolic solution was concentrated in vacuo to give 11 (0.86 g, quant.) which was used for the next reaction without puriˆcation. To an ice-cooled mixture of 11 (1.95 g, 2.2 mmol), Bu4NI (0.65 g, 1.8 mmol), and benzyl bromide (2.08 ml, 17.5 mmol) in anhydrous DMF (40 ml) was added 60z NaH (1.05 g, 26.3 mmol). The mixture was stirred at 09 Croom temperature for 4 h. The mixture was then cooled on an ice bath, and the reaction was quenched by carefully adding AcOH. The mixture was concentrated under vacuum, the resulting residue being extracted with EtOAc. The extract was successively washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was chromatographed on silica gel with hexane-EtOAc (13) . To a mixture of 12 (4.68 g, 3.7 mmol) and AcOH (3.2 ml, 56 mmol) in freshly distilled THF (100 ml) was added 1M TBAF W THF (18.7 ml, 18.7 mmol). The mixture was stirred at room temperature for 24 h before being concentrated in vacuo. The residue was dissolved in EtOAc, successively washed with water, aq. NaHCO3, and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was chromatographed on silica gel with hexane-EtOAc (15) . To a stirred mixture of 3 (350 mg, 0.30 mmol), 4 (244 mg, 0.25 mmol) and dried MS 4A (300 mg) in anhydrous CH2Cl2 (7 ml) was added TMSOTf (11 ml, 0.06 mmol) at "409 C. After stirring for 30 min, the reaction was quenched by adding solid NaHCO3 and a few pieces of ice. The mixture was then diluted with EtOAc andˆltered through Celite. Theˆltrate was successively washed with water and brine, dried over Na2SO4, and concentrated in vacuo. (16) . A mixture of 15 (206 mg, 0.11 mmol) and ethylenediamine (1 ml) in n-BuOH (8 ml) was stirred overnight at 909 C. After cooling, the mixture was concentrated in vacuo, and remaining n-BuOH was removed by evaporating with toluene. The residue was chromatographed on silica gel with CHCl3-MeOH (98:2) to give 16 (184 mg, 96z). Rf 0.27 (7:3 toluene-EtOAc). (18) . To an ice-cooled mixture of 17 (51 mg, 28 mmol) and pyridine (250 ml) in anhydrous CH2Cl2 (2 ml) was added chloroacetic anhydride (7 mg, 41 mmol). The mixture was stirred at 09 C for 3 h and concentrated with toluene in vacuo. The product was puriˆed by gel-permeation chromatography on Biobeads S X3 with toluene-EtOAc (1:1) (19) . To a stirred mixture of 18 (52 mg, 27 mmol) and AcOH (24 ml, 410 mmol) in distilled THF (2 ml) was added 1M TBAF W THF (137 ml, 137 mmol). The mixture was stirred at room temperature overnight and concentrated in vacuo. The residue was extracted with EtOAc, successively washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was chromatographed on Bio-beads S X3 with toluene-EtOAc (1:1) to give 19 (41 mg, 90z). Rf 0.32 and 0.21 (7:3 toluene-EtOAc). Anal. Calcd. for C98H105O21N4Cl: C, 68.82; H, 6.19; N, 3.28; Cl, 2.07z. Found: C, 68.71; H, 6.18; N, 3.29; Cl, 2.10z.
2,3,4,6-Tetra
-O-benzyl-b-D-galactopyranosyl- (1ª4)-3,6-di-O-benzyl-2-deoxy-2-phthalimido-D- glucopyranose
tert-Butyldiphenylsilyl 2,3,4,6-tetra-
To a stirred solution of 19 (500 mg, 0.29 mmol) in anhydrous CH2Cl2 (21 ml) was added DAST (108 ml, 0.41 mmol) at 09 C. The mixture was stirred for 30 min before the reaction was quenched with MeOH (0.3 ml). The mixture was diluted with CHCl3, successively washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was chromatographed on silica gel with toluene-EtOAc (7:3) to give a ‰uoride 20a (145 mg, 29z) and b ‰uoride 20b (208 mg, 42z). (21) and (22). A mixture of Cp2ZrCl2 (51 mg, 175 mmol), AgClO4 (73 mg, 350 mmol), and dried MS 4A (840 mg) in anhydrous CH2Cl2 (2 ml) was stirred under Ar for 1 h at room temperature and then cooled at "159 C on an ice-MeOH bath. To the stirred mixture was added a mixture of 20b (150 mg, 88 mmol) and 5 (64 mg, 175 mmol) in anhydrous CH2Cl2 (5.3 ml). The mixture was stirred overnight at "159 C-room temperature before the reaction was quenched by adding pyridine (210 ml). The mixture was diluted with ether andˆltered through Celite. The combinedˆltrate and ethereal washings were successively washed with water and brine, dried over Na 2 SO 4 , and concentrated in vacuo. The crude product was chromatographed on Bio-beads S X3 with toluene-EtOAc (1:1) and then on silica gel with hexane-EtOAc (1:1) to give 21 (72 mg, 39.9z) and 22 (60 mg, 33.3z). 
A stirred mixture of 21 (50 mg, 24 mmol) and thiourea (11 mg, 145 mmol) in anhydrous DMF (1.5 ml) was heated at 709 C under Ar for 1 day. After cooling, the mixture was diluted with EtOAc-ether (1:1), successively washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was chromatographed on Bio-beads S X3 with toluene-EtOAc (1:1) and then on silica gel with hexane-EtOAc 
To a stirred solution of 23 (45 mg, 23 mmol) in CH 2 Cl 2 (1 ml) were added powdered Zn (181 mg) and AcOH (52 ml). The mixture was stirred for 1 h. before beinĝ ltered through Celite. Theˆltrate was concentrated with toluene, and the residue was stirred with Ac2O (32 ml, 340 mmol) in MeOH-CH 2 Cl 2 (3:1, 2 ml) for 1 h. The mixture was concentrated with toluene, and the residue was extracted with CHCl3. The extract was successively washed with sat. NaHCO3 and brine, dried over Na2SO4, and concentrated in vacuo. The crude product was puriˆed by preparative thinlayer chromatography on silica gel with tolueneEtOAc (1:2) to give 24 (21 mg, 46z), which was only characterized by mass spectrometry and used for the next reaction. Rf 0.28 (1:2 toluene-EtOAc). MALDI-TOF MS: m W z 2020.79 (M+Na, calcd. for C119H127O25N3 ・Na: 2020.86).
A mixture of 24 (21 mg, 11 mmol), Pd(PPh 3 ) 4 (3 mg, 2.6 mmol) and N-methylaniline (26 ml, 0.24 mmol) in DMSO-CH2Cl2 (1:1, 2 ml) was stirred for 19 h. The mixture was diluted with CHCl3, successively washed with 0.1 N HCl, water, and brine, dried over Na 2 SO 4 , and concentrated in vacuo. The residue was chromatographed on Bio-beads S X3 with EtOAc and then on silica gel with CHCl3-MeOH (9:1, containing 0.1z AcOH) to aŠord 1 (15 mg, 74z Succinic acid mono-3b-cholestanyl ester (6) . To a stirred mixture of 3b-cholestanol (200 mg, 0.52 mmol) and succinic anhydride (103 mg, 1.03 mmol) in pyridine-CH2Cl2 (2:1, 1.5 ml) was added Et3N (290 ml, 2.6 mmol). After stirring for 6 days, the mixture was concentrated with toluene in vacuo. The residue was chromatographed on silica gel with toluene-EtOAc 
